Current theory suggests that temporal-limbic dysfunction is responsible for schizophrenic symtomatology. Such theory dovetails with many reports of a higher frequency of schizophreniform psychoses in temporal lobe epilepsy (TLE) than is found with other forms of seizure activity. To explore the possibility of a common neurological substrate for the two disorders, a variable foreperiod reaction time task, on which early crossover has been found to be characteristic of many schizophrenics was administered to schizophrenics (n=ll), TLE (n = 12) and generalized (n = 9) seizure patients, and normals (n = 10). The TLE and schizophrenic patients showed an early crossover of regular and irregular preparatory interval gradients, but the generalized seizure patients and normals did not demonstrate this characteristic. Discussion focuses on the status of crossover as a marker variable. Relevant animal and human lesion literature is reviewed, but an ad hoc neurological model of attentional dysfunction is not attempted.
Temporal lobe epilepsy, or psychomotor epilepsy as it is commonly called, is identifiable by a number of clinical manisfestations, some of which mimic schizophrenic symptoms: unusual cognitive and perceptual experiences, highly stereotyped oral and motor behaviors, fear states, amnesia, and altered visceral activity (Daly, 1975; Gilroy & Meyer, 1975) . Since complex hallucinations, feelings of depersonalization, and rapid changes in mood often accompany a psychomotor attack, a misdiagnosis of schizophrenia is sometimes made (Freedman, Kaplan, & Sadock, 1972) .
It is therefore not surprising that a relationship is said to exist between temporal lobe epilepsy (TLE) and schizophrenia (FlorHenry, 1969; 1974) . Ervin, Epstein, and King (1955) , Kristensen and Sindrup (1978) , Rodin, Dejong, Waggoner, Bagchi, and Pesarg (1957) and Slater and Beard (1963) reported higher base rates of schizophreni-
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Requests for reprints should be sent to Manfred Greiffenstein, Division of Psychology, Lafayette Clinic, Detroit, Michigan 48207. form psychoses among individuals whose EEG patterns showed abnormal electrical discharges emanating from the temporal lobes than among epileptics without such a pattern. Even among epileptics who are typically nonpsychotic, transient psychotic episodes are more likely to occur between seizures among TLE patients than in epileptics displaying other seizure types (Lorentz de Haas & Magnus, 1958) . The lesions responsible for TLE usually involve such limbic structures as the hippocampus and amygdala, which are important in the mediation of emotion (Bear, 1978; Falconer, 1971; Mathieson, 1975) .
Studies involving nonepileptic schizophrenics have also implicated the temporal lobes as a possible locus of dysfunction. Using traditional EEG scalp recordings, Abenson (1970) and Stevens et al. (1979) found that a significant proportion of schizophrenics have temporal lobe abnormalities. In addition, depth electrode studies by Heath (1954) revealed seizurelike discharges from the septal nuclei and the hippocampus, two limbic structures associated with the temporal lobe. The severity of discharge was correlated with the severity of psychotic symptoms. In addition to the possible relationship between temporal-limbic structures and schizophrenic symptoms, it has been suggested that the left-right location of the seizure focus is also critical (Flor-Henry, 1969) . Schizophrenia is supposedly more likely with left temporal involvement, whereas affective psychoses are more prevalent among patients with a right temporal focus. Based on the schizophrenic's difficulty in recognizing consonant-vowel-consonants presented tachistoscopically to the right visual field, Gur (1978) similarly claims greater left hemisphere dysfunction in schizophrenia. Gruzelier (1973) and Gruzelier and Venables (1972; 1974) also argue that schizophrenia represents a lateralized disorganization of limbic arousal systems.
This investigation was aimed at exploring a common psychological deficit for the schizophrenic and the epileptic by studying attentional set in these two disorders. One of the most effective strategies for examining attentional deficits specific to schizophrenia is the reaction time (RT) task developed by Rodnick and Shakow (1940) , who wished to assess schizophrenics' ability to assume a set (the ability to maintain an optimal level of preparedness for an imminent stimulus). They demonstrated that schizophrenics could successfully be differentiated from other diagnostic groups through the use of a reaction time task with varying preparatory intervals (PI) of 1, 2, 4, 7.5, 15 , and 25 sec presented in either a regular or irregular serial order. Schizophrenic performance on this type of RT task has been shown to be characterized not only by generalized slowing, but when represented graphically, a clear tendency toward faster latencies for the longer randomly presented preparatory intervals (the irregular series) relative to the RTs for the same interval lengths presented in a redundant, regular fashion (Bellisimo & Steffy, 1972; Rodnick & Shakow, 1940; Tizard & Venables, 1956 ). This tendency has been termed the crossover effect. Normals and other diagnostic groups do not show this pattern. The crossover of RT gradients is not affected by antipsychotic medication (Cromwell, DeAmicis, Hayes, & Briggs, 1978) or motivational manipulations (Steffy, 1978) and is found in nonpsychotic members of the schizophrenic spectrum (Shore, 1977) . The latter three findings suggest that the crossover may represent what Asarnow and MacCrimmon (1978) call a marker for schizophrenia, that is, a deficit that is stable and independent of clinical status in individuals who receive a diagnosis of schizophrenia. Given that limbic structures within the temporal lobe have been shown to have attention-directing properties (Bagshaw & Benzies, 1968; Bagshaw, Kimble, & Pribram, 1965) , it is possible that temporal lobe dysfunction is responsible for the RT deficit noted in these studies. The crossover is not influenced by IQ or general brain damage (Czudner & Marshall, 1967; Olbrich, 1972; Tizard & Venables, 1956) , making variable foreperiod RT a good measure to use with a neurological population.
Because of the clinical similarities between TLE and schizophrenia and the role of the temporal lobes in attention, it is anticipated that RT deficits similar to those of schizophrenics will be characteristic of patients with temporal lobe seizure disorders and not of individuals with other seizure types. The contribution of laterality of the epileptogenic focus to RT performance will also be explored, since it has been asserted that TLE patients with left temporal dysfunction are more likely to display schizophrenialike behaviors.
Method Subjects
The patient samples were drawn from neurology and psychiatry inpatients of the Lafayette Clinic, Detroit, Michigan. To provide a normal comparison group with an optimal level of performance, the normal control group was selected from among psychology personnel. There were five males and five females in this group.
Epileptic Groups
Two criteria were necessary for inclusion in the TLE group (n = 12). First, the patient's EEC had to show temporal lobe spiking of sufficient severity (i.e., abnormality greater than Dysrhythmia Grade I) in one of at least three serial recordings. Second, psychomotor seizures (e.g., oral automatism, deja vu experiences, amnesia for the episode) had to have been clinically observed by the staff. This sample contained 10 males and 2 females. Further division of this group into right and left TLE patients was based on consistent EEG seizure patterns confined to one of the temporal lobes. Generalized seizure patients (n = 9) were classified as such on the basis of diffuse, bisynchronous, abnormal electrical discharge on the EEG and clinically recorded nonpsychomotor seizures (e.g., grand mal, petit mal, akinetic). There were 7 males and 2 females in this group. None of the epilepsy patients were considered psychotic at the time of testing, nor did they have a history of such behaviors. All epileptic subjects were administered the WAIS and the Halstead-Reitan neuropsychology battery. An impairment index was calculated for each subject in the following fashion: The number of tests performed in the brain damaged range was divided by the total number of tests in the battery. The epileptic subjects also had routine blood samples drawn to assess concentration of anticonvulsants. Medication levels were established through gas chromatography by the clinic laboratory. Typical anticonvulsant medication included Tegretol, Dilantin, and Mysoline. For matching purposes, the blood sample closest to the date of administration of the RT task was chosen. Table  1 presents the major characteristics of the two epileptic groups.
Schizophrenic Group
Inclusion in the schizophrenic group (« = 11) was based on psychometric data, clinical observation, and discharge diagnosis. The mean total number of months of hospitalization was 9.2. The diagnostic breakdown of this heterogeneous group was as follows: Schizophrenia, paranoid type = 6; Chronic undifferentiated type = 3; Simple type = 2. None of these subjects had a history of neurological disease, and the results of their initial neurological workups were negative. All schizophrenics were medicated at the time, mostly with Haldol and Mellaril. The group was all male. Table 1 summarizes the results of simple analyses of variance of variables on which the groups were equated. All groups were successfully matched for age, and the three pathology groups were matched on education and WAIS IQ indices. The only variable on which the two epileptic groups significantly differed was blood anticonvulsant level with the difference taking the direction of higher anticonvulsant levels in the TLE group, F( 1, 19) = 4.96, p < .05. This is not surprising, since psychomotor seizures are usually more intractable, requiring higher anticonvulsant dosages (Gilroy & Meyer, 1975) . No significant differences between the two groups were found for degree of cerebral impairment, duration of seizures (number of years since verified onset), and number of seizures per week prior to admission.
Apparatus and Procedure
An IBM 1800 on-line computer was used to assist in the administration and scoring of the RT tasks. The warning ("get ready") signal consisted of a soft whistle in combination with a red light, both emitted simultaneously by a relay box to the right of the subject. The imperative stimulus ("lift") was a red light implanted in the wall 5 feet (1.52 m) in front of the subject. The finger lift responses were executed on a Halstead-Reitan tapper modified for the RT task.
All subjects were informed that they would be administered a test of reaction time. They were told to depress the telegraph key when they heard the whistle, then to release it as quickly as possible when the light on the wall came on. The subject's lifting response terminated the imperative stimulus. Practice sessions were given using each one of the preparatory intervals (PI) at least once until the examiner was confident that the subject had understood the task instructions. The PI lengths (the time between the onset of the warning signal and the onset of the imperative stimulus) were 1, 2, 4, 7.5, 15, and 25 sec. The intertrial interval (the time between the cessation of one trial and the onset of the warning signal for the following trial) was approximately 4 sec. As in the Rodnick and Shakow (1940) procedure, the regular RT series, which was always presented first, consisted of six runs, each run containing 10 trials with the same PI length for a total of 60 trials. Rest periods 30 sec long were given between each of the runs. The irregular series, given last, consisted of 10 runs, each run containing all six Pis, whose order within each run was determined randomly. Rest periods of 5 sec were given between each run of the irregular series. A 1 -min rest period was placed between the regular and irregular series.
Results Figure 1 reveals the group plots of mean RT performance as a function of PI length and mode of presentation. The figure not only indicates a successful replication of the traditional RT findings with schizophrenics but also shows the temporal lobe group to have a definite crossover of the regular and irregular gradients. It is surprising that the TLE group showed a much earlier crossover than the schizophrenic group, approximately at 2 sec. The schizophrenic group crossed over at 7.5 sec. Although the generalized seizure group had greater overall slowing than the normal group, neither of these two groups showed crossover and both showed a tendency for the regular and irregular curves to converge at the 25-sec interval.
A 4 X 2 X 6 mixed analysis of variance (ANOVA) for RT data was carried out, with groups, procedure (regular vs. irregular), and PI length as factors. Significant effects were found for group, F(3, 38) = 7.8, p < .01; PI length, F(5, 190) = 9.5, p< .01; procedure, F(\, 38) = 9.5, jp<.01; and the Procedure X PI Length interaction, F(5, 190) = 19.9, p < .01. None of the other interactions reached significance.
Since one of the major variables that separate schizophrenics from normals on the RT task is overall latency, post hoc analyses (Scheffe) were carried out on this variable. The significant main effect for group was accounted for mainly by the large differences between the normals and all other groups (p < .01). The TLE group was slower than both the schizophrenic and generalized seizure group (p < .05), but the latter two groups did not differ significantly on this variable. Correlations were run between Halstead-Reitan impairment rating and overall latency for each of the two epileptic groups. As expected, degree of cerebral impairment correlated significantly with overall RT for both the TLE group (r = .63, p < .01) and the generalized seizure group (/• = .87, p< .01).
The major interest of this study was the crossover effect. As noted above, Figure 1 indicates that both the schizophrenics and the TLE patients show crossover, but the presence of crossover was not supported statistically. A nonsignificant three-way interaction was obtained. A significant interaction is necessary to substantiate the presence of the strong form of crossover (Sutton & Zubin, 1965) , namely, better performance at the longer irregular Pis than at the longer regular Pis. Further, inspection of individual data indicated that some patients in both the TLE and schizophrenic groups showed multiple crossover. This may have served to increase the variability across PI lengths to make the 4X2X6 ANOVA insensitive to crossover. The data was reanalyzed in a different format. The PI factor was collapsed into two levels instead of the original six. RT scores for foreperiods of 1, 2, and 4 sec were averaged to produce a short PI score, whereas the average of RT scores for the 7.5, 15, and 25 sec foreperiod trials made up the long PI score. The RT data was then subjected to a 4 X 2 X 2 ANOVA. In this instance, the visually evident strong form of crossover was supported by a significant three way interaction, F(3, 38) = 2.917, p < .05.
Two new methods of measuring crossover were also introduced. Both were aimed at assessing individual crossover scores for the purpose of correlation with other parameters (Rosenbaum, Note 1) . The original set index of R-odnick and Shakow (1940) appears to be more a measure of overall latency than crossover tendency. Crossover was first assessed in the following manner: The total number of crossover points (i.e., the number of Pis at which the average RT of the regular series was slower than that of the irregular series) was calculated for each individual, and group means were established. The results of the general ANOVA was significant, F(3, 38) = 16.6,^ < .001. Table 2 shows the group means for this variable and the results of post hoc comparisons. Because of unequal group sizes, the Scheffe test was used. The TLE group had a significantly greater number of crossover points than either the generalized seizure patients or normals but failed to differ on this variable from the schizophrenics (p < .05). The schizophrenics were also significantly different on this mea- sure from the generalized patients and normals (p < .05). To eliminate alternative explanations for the presence of crossover in the TLE group, a correlation was run between anticonvulsant level, the only variable on which the two epileptic groups differed, and number of crossover points. Within the TLE group, the resultant correlation was insignificant (r = ,2l). The correlation between the impairment index and number of crossovers also failed to reach significance for this group (/• = -.02). Another method of assessing crossover was utilized, the results of which are on the right-hand side of Table 2 . This procedure entails selection of the initial point of crossover, after which the regular series is performed more slowly than the irregular for two consecutive Pis. This is considered a measure of earliness of crossover as opposed to the prior measure of frequency. The overall F was significant, F(3, 38) = 10.9, p < .01, but a post experimental Sheff6 test revealed that only the difference between the normals and all other groups was significant (p < ,05). This lack of differentiation between the diagnostic groups may be attributable to the large within-groups variance generated by this mode of assessing crossover.
The TLE group was then divided into those patients showing a predominantly left Note. Maximum frequency of crossover is six, referring to the six preparatory intervals in the RT procedure. " Significantly different from the generalized and normal groups (p < .05) using the Scheffe test of individual comparisons. b Significantly different from all other groups (p < .05).
sided temporal focus (« = 7) and those with a right sided focus (« = 5), and a 2 X 2 X 6 mixed analysis of variance procedure was performed. No group (laterality) effect was found, but the expected Procedure X PI length interaction was present, F(5, 50) = 5.31, p < .01.
Discussion
The results of this study indicate that TLE patients, like schizophrenics, fail to benefit from regularity of presentation during the longer Pis of the reaction-time task. TLE patient reaction-time performance differs from that of generalized seizure patients in the same manner as that of schizophrenics differs from normals': There is a crossover of the regular and irregular RT gradients. It is evident that the tendency toward faster speeds at the longer Pis during the irregular presentation shown by the TLE group is not attributable to degree of cerebral dysfunction, nor is it accounted for by high blood anticonvulsant levels.
The difficulties that the TLE patients had in maintaining a major attentional set were not accompanied by patently psychotic behaviors or a previous history of such behaviors, even though the crossover of RT gradients was earlier than in the schizophrenic group. Therefore, it cannot be argued that this performance is merely the result of mental status variables at the time of testing. This rinding further establishes the role of crossover as a stable marker variable independent of clinical and physical parameters. These results also indicate that it is sufficient to have a seizure disorder affecting the temporal lobes to have a psychological deficit characteristic of many chronic schizophrenics. It is possible, then, that the neural structures affected by TLE are also to some extent implicated in schizophrenic patients who show the RT crossover phenomenon.
There is general agreement on what constitutes the pathophysiology of TLE. The majority of TLE patients autopsied show some form of atrophy of structures deep within the temporal lobe. High proportions of temporal-limbic damage, especially in the hippocampus, were found in post mortem samples of TLE patients (Falconer, 1971; Malamud, 1966; Margerison & Corsellis, 1966; Mathieson, 1975; Sano & Malamud, 1953) . It is not clear which of these structures is critical for the observation of the crossover effect.
On the other hand, the anatomical basis for generalized seizures remains controversial; both diffuse and focal pathology may lead to clinically indistinguishable generalized seizures (Jaspar, 1969) . In any event, the types of cortical or subcortical defect that cause the varieties of generalized seizures are not sufficient for the observation of loss of advantage for a regular RT series. Mirsky, Primac, Marsan, Rosvold, and Stevens (1960) found their sample of generalized seizure patients to be more impaired on the Continuous Performance Test (CPT; Kornetsky, 1972) than seizure patients with temporal or frontal lobe foci. However, the CPT seems to be a test of pure vigilance, whereas the Shakow procedure incorporates both the vigilance and set aspects of atten-tion. Moreover, the generalized seizure group in the Mirsky et al. (1960) study was more brain damaged (had lower IQs) and had experienced significantly more seizures than either of the other two groups. Their study may simply have demonstrated a general lowering of efficiency rather than an attention set deficit specific to the generalized seizure group.
The relationship between temporal-limbic functioning and attentional set formation cannot be elaborated at this time. Although the effects of ablative lesions of temporallimbic regions in man are relatively well studied (Milner, Corkin, & Teuber, 1968) , it must be emphasized that seizure disorders have stimulating as well as ablative effects on neural structures (Bear, 1978) . The psychological effects of stimulative lesions are less well documented. Subcortical stimulation in animals seems to induce extremes in emotional behavior (Grossman, 1963) . Although such changes are also said to typify TLE patients, they are not treated as diagnostically relevant to schizophrenia. Some authors have argued that the temporal lobes are important in attention and formation of motor set (Numan, 1978; Pribram & McGuiness, 1975) , but these data are based on animal lesion studies and may therefore be only species specific. Schizophrenics do not have verifiable, limbic specific, structural damage (Kessler & Neale, 1974) . There are other important differences that make it difficult to draw inferences from the data concerning a neuropsychological understanding of schizophrenia. Schizophrenics certainly do not show the material-specific memory defects that are seen in TLE and temporal lobectomy patients (Milner, 1966; 1968) , nor is schizophrenia present in the majority of TLE patients (Bear, 1978) . Most importantly, schizophrenics do not have seizures.
The issue of the contribution of laterality to RT deficit was not resolved. According to the views of Flor-Henry (1969) and Gur (1978) , one might expect greater RT impairments in the TLE group with predominately left cerebral foci. This contention was not supported by the data. Both the right and left temporal groups showed early crossover and similar latencies across Pis. However, this failure to find lateralized RT differences still does not rule out the possibility of selective hemispheric impairment in schizophrenics. Although the majority of TLE patients have strongly lateralized foci, it is known that electrical activity in the contralateral temporal lobe is often interfered with because of discharges across the anterior commissure, a white matter tract that connects homologous structures within the temporal lobe, (Milner, 1966) . This new focus does not necessarily show up in EEG tracings. Second, the likelihood of such bilateral temporal dysfunction increases as a function of chronicity of seizures. If the RT deficit is actually related to laterality of lesion, its discovery may have been obscured in our relatively chronic seizure sample.
In summary, we have shown that TLE patients, like many schizophrenics, show a specific attentional deficit, defined as the failure to maintain a set in response to longer, regularly presented stimuli. The data is not interpreted to mean that TLE and schizophrenia are mutually inclusive. These data also do not clarify the issue of whether schizophrenia is associated with lateralized brain dysfunction. Future research should explore the effects of chronicity, laterality, and localization as well as examining variables considered relevant to schizophrenia.
